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TRANSMITTER AND RECEIVER FOR mination unit generating a plurality of scramble sequences , 
SUPPORTING FTN SIGNALING AND generating a plurality of sequence frames by applying the 

METHOD FOR SAME plurality of scramble sequences to the input frame , and 
determining at least one sequence frame from the plurality 

CROSS REFERENCE TO RELATED 5 of sequence frames considering a PAPR value of the plu 
APPLICATION rality of sequence frames ; and a signal transmission unit for 

transmitting the sequence frame determined . 
The present application claims priority to Korean Patent According to other aspect of the present disclosure , a 

Application No. 10-2017-0069791 , filed Jun . 5 , 2017 , the receiver supporting for FTN ( Faster - than - Nyquist ) signaling 
entire contents of which is incorporated herein for all 10 may be provided . The receiver includes a scramble sequence 
purposes by this reference . identification unit identifying information on a scramble 

sequence applied to a sequence frame transmitted by a 
BACKGROUND OF THE INVENTION transmitter ; a reconstruction frame identification unit detect 

ing a reconstruction frame from the sequence frame consid 
Field of the Invention 15 ering the information on the scramble sequence ; and a signal 

reconstruction unit combining the reconstruction frame to 
The present disclosure relates generally to a wireless reconstruct a transmission signal . 

communication system and , more particularly , to a trans According to still other aspect of the present disclosure , a 
ceiver apparatus for supporting FTN ( Faster - than - Nyquist ) transmission method for supporting FTN ( Faster - than - Ny 
signaling and a method for the same . 20 quist ) signaling may be provided . The method includes 

providing an input frame obtained by composing a trans 
Description of the Related Art mission signal in units of a frame ; generating a plurality of 

scramble sequences , generating a plurality of sequence 
Modulation schemes such as Quadrature Amplitude frames by applying the plurality of scramble sequences to 

Modulation ( QAM ) , Frequency Shift Keying ( FSK ) , and 25 the input frame , and determining at least one sequence frame 
Phase Shift Keying ( PSK ) are used in consideration of the from the plurality of sequence frames considering a PAPR 
stability and complexity of a wireless communication sys value of the plurality of sequence frames ; and transmitting 
tem . According to such conventional modulation schemes , the sequence frame determined . 
entities involved in communication transmit and receive According to still other aspect of the present disclosure , a 
information by differentiating the size , frequency , phase , etc. 30 receiving method for supporting FTN ( Faster - than - Nyquist ) 
of a symbol in a time domain or a spatial domain of a signal . signaling may be provided . 
When the channel gain is good , various interferences are According to an embodiment of the present disclosure 
small , or large transmission power is used , the distance may be performed by the receiver according to an embodi 
between effective symbols becomes large at a receiving end , ment of the present disclosure described above . The method 
whereby the transmission rate can be increased by using 35 includes identifying information on scramble sequences 
high - order modulation schemes . applied to a sequence frame transmitted from a transmitter ; 
However , when signal modulations are performed to detecting a reconstruction frame from the sequence frame 

cause the signal transmission rate to be increased , problems considering the information on the scramble sequences ; and 
such as signal interference , a change in amplitude of the combining the reconstruction frame to reconstruct a trans 
transmission signal , and an increase in a PAPR value may 40 mission signal . 
occur . In particular , when the PAPR value increases , it The features briefly summarized above for this disclosure 
causes a problem that distortion occur in an analog - to - digital are only exemplary aspects of the detailed description of the 
converter ( ADC ) , quantization , etc. , thereby reducing the disclosure which follows , and are not intended to limit the 
overall performance of the system . scope of the disclosure . 

According to the present disclosure , it is possible to 
SUMMARY OF THE INVENTION provide an apparatus and method capable of minimizing 

interference while transmitting the signal quickly , and at the 
It is an object of the present invention to provide an same time realizing a low PAPR . 

apparatus and method capable of realizing a low PAPR Furthermore , according to the present disclosure , it is 
while simultaneously transmitting and receiving signals 50 possible to provide an apparatus and method capable of 
quickly and stably . transmitting and receiving signals quickly and stably with a 

It is another object of the present invention to provide an relatively simple configuration . 
apparatus and method capable of transmitting and receiving Further , according to the present disclosure , it is possible 
signals quickly and stably with simple components . to provide an apparatus and method capable of realizing a 

It is another object of the present invention to provide an 55 low PAPR and enhancing the security of signals transmitted 
apparatus and method for realizing a low PAPR and enhanc and received . 
ing a security of transmission signals . The effects obtainable in the present disclosure are not 

The technical objects to be achieved by the present limited to the effects mentioned above , and other effects not 
disclosure are not limited to the technical matters mentioned mentioned can be clearly understood by those skilled in the 
above , and other technical subjects that are not mentioned 60 art from the description described below . 
are to be clearly understood by those skilled in the art from 
the following description . BRIEF DESCRIPTION OF THE DRAWINGS 

According to an aspect of the present disclosure , a trans 
mitter supporting for FTN ( Faster - than - Nyquist ) signaling The above and other objects , features and other advan 
may be provided . The transmitter includes a frame input unit 65 tages of the present invention will be more clearly under 
providing an input frame obtained by composing a trans stood from the following detailed description when taken in 
mission signal in units of a frame ; a sequence frame deter conjunction with the accompanying drawings , in which : 

45 
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FIG . 1 is a block diagram illustrating a configuration of a In the present disclosure , the components described in the 
transmitter according to an embodiment of the present various embodiments do not necessarily mean essential 
disclosure ; components , but some may be optional components . 

FIG . 2 is a block diagram illustrating a detailed configu Accordingly , embodiments consisting of a subset of the 
ration of a sequence frame determination unit equipped in a 5 components described in an embodiment are also included 
transmitter according to an embodiment of the present within the scope of this disclosure . Also , embodiments that 
disclosure ; include other components in addition to the components 

FIG . 3 is a block diagram illustrating a detailed configu described in the various embodiments are also included in 
ration of a scramble sequence generation unit equipped in a the scope of the present disclosure . 
transmitter according to an embodiment of the present 10 Hereinafter , embodiments of the present disclosure will 
disclosure ; be described with reference to the accompanying drawings . 
FIGS . 4A and 4B are views illustrating a detailed con FIG . 1 is a block diagram illustrating a configuration of a 

figuration of the sequence generation unit of FIG . 3 ; transmitter according to an embodiment of the present 
FIG . 5 is a block diagram illustrating a configuration of a disclosure . 

receiver according to an embodiment of the present disclo- 15 Referring to FIG . 1 , the transmitter according to an 
sure ; embodiment of the present disclosure includes a frame input 

FIG . 6 is a flow diagram illustrating procedures in a unit 10 , a sequence frame determination unit 20 , and a signal 
method of transmitting a signal for supporting FTN signal transmission unit 30 . 
ing according to an embodiment of the present disclosure ; The frame input unit 10 modulates a transmission signal 

FIG . 7 is a detailed flowchart illustrating specific proce- 20 into a modulation symbol , and composes the modulated 
dures in a transmission method according to an embodiment signal in units of a predetermined frame length . Such a 
of the present disclosure ; and signal composed in units of the predetermined frame length 

FIG . 8 is a flow diagram illustrating operations in a may be referred to as an input frame . 
receiving method according to an embodiment of the present Further , the frame input unit 10 may modulate the trans 
disclosure . 25 mission signal to form a modulation symbol based on 

schemes such as PSK , QAM , and the like . 
DETAILED DESCRIPTION OF THE The sequence frame determination unit 20 may generate 

INVENTION a plurality of scramble sequences and generate a plurality of 
sequence frames by applying the plurality of scramble 

Hereinbelow , embodiments of the present invention will 30 sequences to the input frame . The sequence frame determi 
be described in detail so that those skilled in the art can nation unit 20 may identify a peak - to - average power ratio 
easily carry out the present invention referring to the accom ( PAPR ) value of the plurality of sequence frames and 
panying drawings . we the present disclosure may be identify at least one sequence frame having the smallest 
embodied in many different forms and is not limited to the PAPR value among the plurality of sequence frames . 
embodiments described herein . At least one sequence frame with the smallest PAPR value 

In the following description of the embodiments of the may be provided to the signal transmission unit 30 , and the 
present invention , a detailed description of known functions signal transmission unit 30 processes to transmit the at least 
and configurations incorporated herein will be omitted when one sequence frame . 
it may make the subject matter of the present disclosure Further , in transmitting the sequence frame , it is necessary 
unclear . Parts not related to the description of the present 40 to control a pulse shaping and a pulse transmission rate in 
disclosure in the drawings are omitted , and similar parts are order to transmit the signal without interference between a 
denoted by similar reference numerals . given bandwidth and the modulation symbol . The sequence 

In the present disclosure , when an element is referred to frame determination unit 20 may transmit a sequence frame 
as being “ connected ” , “ coupled " , or " connected ” to another using a Nyquist rate in order to realize a maximum trans 
element , it is understood to include not only a direct con- 45 mission rate in a given bandwidth without interference 
nection relationship but also an indirect connection relation between the modulation symbols . 
ship . Also , when an element is referred to as “ containing ” or In particular , the sequence frame determination unit 20 
“ having ” another element , it means not only excluding may transmit a sequence frame based on a Faster - than 
another element but also further including another element . Nyquist ( FTN ) transmission scheme . When transmitting a 

In the present disclosure , the terms first , second , and so on 50 signal using the FTN transmission scheme , there is an 
are used only for the purpose of distinguishing one element advantage in which a symbol transmission rate is increased 
from another , and do not limit the order or importance of the without loss of bit error rate ( BER ) even if an Inter - Symbol 
elements unless specifically mentioned . Thus , within the Interference ( ISI ) occurs in the transmission signal . In view 
scope of this disclosure , the first component in an embodi of this , the sequence frame determination unit 20 may 
ment may be referred to as a second component in another 55 include at least one FTN pulse generator . In addition , a 
embodiment , and similarly a second component in an plurality of sequence frames may be input into at least one 
embodiment may be referred to as a second component in FTN pulse generator , and the plurality of sequence frames 
another embodiment . may be transformed into signals based on the FTN scheme . 

In the present disclosure , components that are distin However , there is a problem that a high - complexity 
guished from one another are intended to clearly illustrate 60 transceiver mast be designed in order to transmit a signal 
each feature and do not necessarily mean that components using an FTN transmission scheme without loss of BER 
are separate . That is , a plurality of components may be performance . In addition , with the FTN transmission 
integrated into one hardware or software unit , or a single scheme , orthogonality between the symbols is not main 
component may be distributed into a plurality of hardware or tained , thereby causing interference between the symbols . 
software units . Accordingly , such integrated or distributed 65 Such interference between symbols changes the ampli 
embodiments are also included within the scope of the tude of the transmission signal and furthermore affects the 
present disclosure , unless otherwise noted . PAPR of the transmission signal . That is , when the PAPR of 

35 



10 

-1 
1 

15 

25 

US 10,461,970 B2 
5 6 

the transmission signal is high , it may cause a problem in Furthermore , since the determined value of the scramble 
which saturation occurs in procedures of processing an sequence generated by the sequence generator 40 is com 
analog - to - digital converter , quantization , or the like , thereby posed of binary bits ( 0 or 1 ) , a scramble sequence transform degrading a performance of an apparatus of transmitting and unit 44 may be further included to transform the frame phase receiving a signal . 5 into the sequence . The scramble sequence transform unit 44 Accordingly , the sequence frame determination unit 20 may compose output values of the scramble sequences to may cause the input frame provided in the frame input unit allow values included in the scramble sequences to corre 10 to be transformed into a signal based on the FTN scheme spond to a matching relationship shown in Table 1 below . and then the signal to be transmitted . The transmission 
signal is controlled to be stably transmitted in consideration TABLE 1 of a PAPR of the transmission signal . 

FIG . 2 is a block diagram illustrating a detailed configu RK Pk ration of a sequence frame determination unit equipped in a 
transmitter according to an embodiment of the present 
disclosure ; 

Referring to FIG . 2 , the sequence frame determination 
unit 20 may include a scramble sequence generation unit 21 , Rk represents a determined value of the scramble 
a scrambler 23 , an FTN pulse generator 25 , and a PAPR sequence , and P & represents an output value of the scramble 
identification unit 27 . sequence . In consideration thereof , an output value of the 

The scramble sequence generation unit 21 generates the scramble sequence may be illustrated as Equation 3 below . 
plurality of scramble sequences corresponding to the length 20 
of the input frame , and the scrambler 23 scrambles the P = [ P ( 1 ) p ( 2 ) p ( s ) ... p ( S ) ] [ Equation 3 ] 
plurality of scramble sequences with the input frame . For In Equation 3 , an output value of the S - th scramble example , the scramble sequence generation unit 21 may sequence , p ( s ) may be expressed as Equation 4 below . include sequence generators 31-1 , 31-2 , ... , and 31 - n ( see 
FIG . 3 ) for generating scramble sequences . Each of the p ( s ) = [ P_ ( s ) P2 < 5 ) ... PHS ) ... PK " ] , PLSE { +1 , -1 } [ Equation 4 ] sequence generators 31-1 , 31-2 , ... , and 31 - n may generate 
different scramble sequences . The length of the scramble Meanwhile , when two kinds of seeds are used to compose 
sequence generated in each of the sequence generators 31-1 , a scramble sequence , values of two kinds of seeds , that is , 
31-2 , ... , and 31 - n may be set to a length corresponding to X and Y seeds may be set differently from each other , 
the length of the input frame . 30 whereby various sequences may be generated . 
Meanwhile , the scrambler 23 scrambles each scramble For example , referring to FIG . 4B , a sequence generator 

sequence output from the sequence generators 31-1 , 40 ' may include a plurality of x bit generators 45a , 
15b , 31-2 , ... , and 31 - n with the input frame . For example , the and 459 , a plurality of Y bit generators 46a , 
46b , scrambler 23 may perform an operation of multiplying the and 469 , first to sixth adders 47a , 47b , 470 , 47d , 

input frame by each of scramble sequences output from the 35 47e , and 47f , and a 2 bit adder 48. The X bit generators 45a , 
45b , and 31 - n . Accordingly , sequence generators 31-1 , 31-2 , .. and 45q , and the Y bit generators 46a , 

the scrambler 23 may output as many scramble frames 35-1 , 46b , ... , and 46q may generate and output a binary bit ( 0 
35-2 , ... , and 35 as the number of the sequence generators or 1 ) respectively , and the first to sixth adders 47a , 476 , 47c , 
31-1 , 31-2 , ... , and 31 - n . 470 , 47e , and 477 , and the 2 bit adder 48 combine the bit 
FIGS . 4A and 4B are views illustrating a detailed con- 40 values output from the X bit generators 45a , 45b , ... , and 

figuration of the sequence generator of FIG . 3. FIG . 4A 459 and the Y bit generators 46a , 46b , and 469 to 
illustrates an example for a detailed configuration of the generate the determined values of the scramble sequences . 

When the values of the X and Y seeds are set differently sequence generator having a single seed , and FIG . 4B 
illustrates an example for a detailed configuration of the from each other to cause the resulting value of the scramble 
sequence generator having multiple seeds . 45 sequence to be calculated , the sequence generator 40 ' may 

First , referring to FIG . 4A , the sequence generator 40 may compose the resulting value of the scramble hav sequence 
include a plurality of bit generators 41a , 41b , ... , and 41r , ing 0 , 1 , 2 , and 3 . 
a first adder 42 , and a second adder 43. The bit generators Furthermore , the sequence generator 40 ' may further 
41a , 41b , and 41r may generate and output binary bits include a scramble sequence transform unit 49. The 
( 0 or 1 ) , respectively , and the first adder 42 and the second 50 scramble sequence transform unit 49 may compose the 
adder 43 combines bit values output from the bit generators output values of the scramble sequences so that values 0 , 1 , 

2 , and 3 included in the scramble sequence may correspond 41a , 41b , ... , and 41r to generate and output scramble 
sequence . When the sequence generator 40 includes 19 bit to a matching relationship shown in Table 2 below . 
generators 41a , 41b , ... , and 41r , the value output from the 

TABLE 2 sequence generator 40 may be illustrated as Equation 1 
below . RK Pk 1 + Y + Y7 + y10 + y18 [ Equation 1 ] 

As an initial seed value is set differently in the sequence 
generator 40 , a type of the generated scramble sequence may 60 
be differently output . When a total of S seeds are used , 
determined values of S scramble sequences having the 
length of K may be generated . Rk represents a determined value of the scramble 

The determined value of the scramble sequence deter sequence , and Pk represents an output value of the scramble 
mined by the sequence generator 40 may be expressed by 65 sequence . 
Equation 2 below . The determined values 0 , 1 , 2 , and 3 of the scramble 

R = [ R ( 1 ) R ( 2 ) ... R ( S ) ... R ( S ) ] [ Equation 2 ] sequence calculated by setting values of the X and Y seeds 

55 
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differently from each other are transformed into the output having the smallest PAPR value among the sequence frames 
values 1 , j , -1 , -j of the scramble sequence respectively , and x ( s ) and then transmit the corresponding sequence frame to 
then provided to the scrambler 23 , whereby the scrambler 23 the signal transmission unit 30 . 
may modulate the phase considering both real and complex As another example , the PAPR identification unit 27 may 
numbers . 5 identify signal transmission performance F ( X ) ) by calcu 

The output value P ( s ) of the scramble sequence generated lating a complementary cumulative distribution function 
through the above operation is provided to the scrambler 23 , ( CCDF ) illustrated in Equation 9 below . 
and the scrambler 23 may apply the output value P ( s ) of the 
scramble sequence to the input frame a , to compose and F2 ( x ) = Pr [ X « S ) > x7n ] [ Equation 9 ] 
output scramble frames a ( S ) . For example , the scrambler 23 10 In Equation 4 , X ( S ) indicates a PAPR for the sequence 
may compose scrambled frames a ( S ) through an operation of frame and Xth indicates a threshold for the PAPR . 
Equation 5 below . Pr [ X ( S ) > XT ] means a probability that the PAPR value X ( S ) 

a ( s ) = a : p ( s ) , 2ssss for the sequence frame will be larger than the predetermined [ Equation 5 ] threshold value XTh . The PAPR identification unit 27 com 
Meanwhile , the scrambler 23 may continuously perform 15 pares transmission performance F_ ( X ( ) ) of the signal iden 

the above - described operations for a plurality of input tified with respect to the sequence frames x ( s ) with each 
frames az ( az is a k - th input frame ) . Accordingly , the scram other to determine a sequence frame having a relatively large 
bler 23 may output scramble frames a ( S ) for a plurality of value and thus transmits the corresponding sequence frame 
input frames azt to the signal transmission unit 30 . 

The FTN pulse generator 25 may generate an FTN pulse 20 Meanwhile , the signal transmission unit 30 may transmit 
for the scrambled frame as through the same operation as the corresponding sequence frame to a receiver . At this time , 
Equation 6 below , and compose a sequence frame having the signal transmission unit 30 may transmit information on 
such an FTN pulse . the scramble sequence applied to the corresponding 

X ( t ) = Exaz Sh ( t - kt7 ) [ Equation 6 ] sequence frame to the receiver . 
In order to transmit the information on the scramble 

Wherein , ak denotes a scramble frame corresponding to sequence applied to the corresponding sequence frame to the 
a k - th input frame az , h ( t ) has a bandwidth of 1 / 2T and receiver , the transmitter and the receiver must be equipped 
denotes a squared root raised cosine ( SRRC ) pulse having to transmit and receive information on the scramble 
energy of S. Ih ( t ) l ? dt = 1 . In addition , t ( 0 < t < l ) denotes an sequence . Therefore , only the receiver provided to receive 
FTN factor , and T denotes the spacing of Nyquist symbols . 30 information on the scramble sequence may identify the 
Also , TT represents the symbol interval of the signal to information on the scramble sequence , and decode the 
which the FTN transmission scheme is applied , which is a received signal using the information on the scramble 
Nyquist transmission period when t is 1 . sequence . As a sult , the transmitter and the receiver 

Although the FTN transmission scheme transmits a signal according to the embodiment of the present disclosure are 
at a higher transmission rate than a Nyquist transmission 35 enabled to transmit and receive signals having a low PAPR 
period , interference between symbols in the transmission and at the same time to enhance security of signals trans 
signal may be caused , in which the magnitude of such mitted and received . 
interference may be determined by a type of transmission FIG . 5 is a block diagram illustrating a configuration of a 
pulse and a value of T. This interference changes the receiver according to an embodiment of the present disclo 
amplitude of the transmission signal , thereby affecting a 40 sure . 
PAPR of the transmission signal . Referring to FIG . 5 , the receiver according to an embodi 
When the scramble frames a ( S ) pass through the FTN ment of the present disclosure may include a scramble 

pulse generator 25 as described above , the sequence frames sequence information identification unit 51 , a reconstruction 
x ( s ) output from the FTN pulse generator 25 may be repre frame identification unit 53 , and a signal reconstruction unit 
sented as Equation 7 below . 45 55 . 

* ( S ) = [ x ( S ) ( 1 ) x ( S ) ( 2 ) ... X } ( k ) ... X ( S ) ( K ) ] The scramble sequence information identification unit 51 [ Equation 7 ] 
may detect scramble sequence information , that is , informa 

Meanwhile , a PAPR is a ratio of a peak power to an tion on the scramble sequence applied to the received frame , 
average power which is a criterion indicating an influence of from the received signal . For example , the scramble 
the transmission signal on a transceiver , and may be 50 sequence information may include information indicating a expressed as Equation 8 below . scramble sequence value or a method of generating the 

scramble sequence value . 
The reconstruction frame identification unit 53 may detect 

PAPR = [ PAPR1 , PAPR2 ... PAPR , ... PAPRG ] [ Equation 8 ] the reconstruction frame from the received frame using the 
max.x2 55 scramble sequence information . For example , the recon 

PAPRS E [ 112 ] struction frame identification unit 53 may include a scramble 
sequence generation unit 53a and a descrambler 53b . The 
scramble sequence generation unit 53a may generate the 

From the above equation , max / x ( s ) 2 denotes a power of a scramble sequence value using the scramble sequence infor 
peak signal of the sequence frames x ( s ) , and E [ [ x ( s ) / 2 ] 60 mation and provide the scramble sequence value to the 
denotes a mean power of the sequence frames x ( s ) . descrambler 53b . The descrambler 53b may process an 

The value of PAPR may be calculated as a dB scale value operation of dividing the received frame into the scramble 
and represents the power difference between the average sequence value and then detect the processed result as a 
power of the sequence frames x ( S ) and the peak signal . reconstruction frame . 

The signal transmission performance may be identified 65 On the other hand , when the scramble sequence informa 
using the PAPR value calculated above . For example , the tion includes information indicating how to generate the 
PAPR identification unit 27 may determine a sequence frame scramble sequence value , the scramble sequence generation 

= 
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unit 53a may generate a plurality of scramble sequences Accordingly , when the transmitter transforms the input 
based on a method of generating the scramble sequence frame into a signal based on the FTN scheme and then 
value . The scramble sequence generation unit 53a may transmits the transmission signal , the transmitter may con 
provide the plurality of scramble sequences to the descram trol to transmit the transmission signal considering a PAPR 
bler 53b . The descrambler 53b generates a plurality of 5 of the transmission signal in order to transmit the transmis 
temporary reconstruction frames by applying the plurality of sion signal stably . 
scramble sequences to the received frame respectively , FIG . 7 is a detailed flowchart illustrating specific proce 
whereby at least one frame may be determined from the dures in a transmission method according to an embodiment 
plurality of temporary reconstruction frames as a reconstruc of the present disclosure ; and 
tion frame , based on a predetermined method . Particularly , FIG . 7 illustrates , in detail , the step S620 of 

In addition , when a transmitter generates a transmission composing the sequence frame in FIG . 6 described above . 
frame based on an FTN scheme , the reconstruction frame In step S721 , the transmitter may generate the plurality of 
identification unit 53 may further include an FTN inverse scramble sequences corresponding to the length of the input 
transform unit 53c for performing inverse filtering on the frame . 
received frame based on the FTN scheme . Consequently , the 15 For example , the transmitter may generate different 
received frame is subject to inverse filtering based on the scramble sequences . The length of each scramble sequence 
FTN scheme through the FTN inverse transform unit 53c , may be set to correspond to the length of the input frame . 
and then is provided to the descrambler 53b . Specifically , the transmitter may use a plurality of bit 
On the other hand , the signal reconstruction unit 55 may generators to generate S binary bits ( 0 or 1 ) corresponding 

compose a reconstruction signal by connecting reconstruc- 20 to the length of the input frame . Accordingly , the transmitter 
tion frames divided into a predetermined length unit and may generate and output as many different scramble 
demodulating the connected frame signal . At this time , a sequences as the number of 29 . 
method of demodulating a signal may be applied to corre The transmitter may be output different kinds of scramble 
spond to a method of modulating a signal in the above sequences generated according to settings of an initial seed 
mentioned transmitter . 25 value . When a total of S seeds are used , the determined 

FIG . 6 is a flow diagram illustrating procedures in a values of S scramble sequences having the length of K may 
method of transmitting a signal for supporting FTN signal be generated . 
ing according to an embodiment of the present disclosure ; The determined value of the scramble sequence deter 

A method of transmitting a signal for supporting FTN mined by the transmitter may be expressed as Equation 2 
signaling according to an embodiment of the present dis- 30 above . Further , the determined value of the scramble 
closure may be performed by a transmitter according to an sequence may be composed with binary bits ( 0 or 1 ) , and be 
embodiment of the present disclosure described above . required to be modified to vary the phase of the input frame . 

First , in step S610 , the transmitter modulates a transmis Therefore , the transmitter may transform the bit value con 
sion signal into a modulation symbol , and composes the tained in the determined value of the scramble sequence into 
modulated signal in units of a predetermined frame length . 35 an output value of the scramble sequence in accordance with 
Such a signal composed in units of the predetermined frame the matching relationship of Table 1 described above , in 
length may be referred to as an input frame . which the output value of the scramble sequence may be 

The transmitter may compose the modulation symbol by represented as Equations 3 and 4 . 
modulating the transmission signal based on a scheme , such On the other hand , when two kinds of seeds are used to 
as Phase Shift Keying ( PSK ) , Quadrature Amplitude Modu- 40 compose a scramble sequence , the values of two kinds of 
lation ( QAM ) , and the like . seeds , that is , X and Y seeds may be set differently from each 

In step S620 , the transmitter may generate a plurality of other , whereby various sequences may be generated . 
scramble sequences and generate a plurality of sequence When the values of the X and Y seed are set differently 
frames by applying the plurality of scramble sequences to from each other so that the resulting value of the scramble 
the input frame . The transmitter may identify a peak - to- 45 sequence is calculated , the transmitter may construct the 
average power ratio ( PAPR ) value of the plurality of resulting value of the scramble sequence having 0 , 1 , 2 , and 
sequence frames and identify at least one sequence frame 3. Then , the transmitter may transform the values ( 0 , 1 , 2 , 3 ) 
having a relatively small PAPR value among the plurality of included in the scramble sequence into the output value of 
sequence frames . the scramble sequence in accordance with the matching 

In step S630 , the transmitter may process to transmit at 50 relationship shown in Table 2 described above . The deter 
least one sequence frame having a relatively small PAPR mined values ( 0 , 1 , 2 , 3 ) of the scramble sequence calculated 
value . by setting values of the X and Y seeds differently from each 

Further , in transmitting the sequence frame , it is necessary other are transformed into output values ( 1 , j , -1 , -j ) of the 
to control a pulse shaping and a pulse transmission rate in scramble sequence and then provided to the scrambler 23 , 
order to transmit the signal without interference between a 55 whereby the scrambler 23 may modulate the phase consid 
given bandwidth and a modulation symbol . The transmitter ering both real and complex numbers . 
may transmit a sequence frame using a Nyquist rate in order On the other hand , in step S722 , the transmitter scrambles 
to implement a maximum transmission rate in a given each scramble sequence with the input frame . For example , 
bandwidth without interference between modulation sym the transmitter may perform an operation of multiplying the 
bols . In particular , the transmitter may transmit a sequence 60 input frame by each scramble sequence . Consequently , the 
frame based on a Faster - than - Nyquist ( FTN ) transmission transmitter may output as many scramble frames as the 
scheme . Furthermore , when transmitting signals using the number of scramble sequences . 
FTN transmission scheme , orthogonality between symbols That is , the transmitter may compose the scramble frame 
may not be maintained , resulting in interference between by applying the output value prs ) of the scramble 
symbols . Such interference between symbols affects a PAPR 65 sequence provided via step S721 to the input frame a . The 
of the transmission signal , thereby causing a problem of scramble frame a ( S ) may be composed through the operation 
degrading signal transmission performance . of Equation 5 described above . 

( S ) a 
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In step S722 , the transmitter may continuously perform sequence applied to a received frame , from the received 
the above - described operations for a plurality of input signal . For example , the scramble sequence information may 
frames az ( ak are k - th input frames ) . Accordingly , the trans include information indicating a scramble sequence value or 
mitter may output scramble frames az ( S ) for a plurality of a method of generating the scramble sequence value . 
input frames ar In step S820 , the receiver may detect a reconstruction 

In step S723 , the transmitter may generate pulse based on frame from the received frame using the scramble sequence the FTN scheme for the scramble frames a , ( S ) . To generate information identified in step S810 . For example , the the pulse based on the FTN scheme may be performed receiver may generate the scramble sequence value using through the operation of Equation 6 described above . The scramble sequence information , process an operation of pulse ( i.e. , sequence frame ) generated for the scramble 10 dividing the received frame by the scramble sequence value , based on the FTN scheme may be expressed as and detect the processed result as a reconstruction frame . Equation 7 described above . Meanwhile , when the information on the scramble With the FTN transmission scheme , the signal may be 
transmitted at a higher transmission rate than a Nyquist sequence includes information indicating a method of gen 
transmission period , but cause interference between symbols 15 erating the value of the scramble sequence , the receiver may 
in the transmission signal , in which the magnitude of such generate a plurality of scramble sequences based on a 
interference may be determined by a type of transmission method of generating the scramble sequence . In addition , the 
pulse and a value of t . This interference changes the receiver may generate a plurality of temporary reconstruc 
amplitude of the transmission signal , which affects the tion frames by applying the plurality of scramble sequences 
PAPR of the transmission signal . 20 to the received frame and determine at least one frame 

The PAPR means a ratio of the peak power to the average among the plurality of temporary reconstruction frames as a 
power , which is a criterion indicating an influence of the reconstruction frame , based on a predetermined method . 
transmission signal on the transceiver , and may be con Furthermore , when the transmitter generates the transmis 
firmed via calculation of Equation 8 described above . The sion frame based on the FTN scheme , the receiver may 
value of PAPR may be calculated as a dB scale value , and 25 perform an inverse filtering on the received frame based on 
represents a power difference between an average power of the FTN scheme . After completing the inverse filtering 
the transmission frames x ( S ) and a peak signal . based on the FTN scheme , it is possible to detect the 

In consideration of this , in step S724 , the transmitter may reconstruction frame using the scramble sequence value . 
identify a PAPR value for each of a plurality of transmission Meanwhile , in step S830 , the receiver may compose 
frames provided in step S723 , and identify a signal trans- 30 reconstruction signals by connecting reconstruction frames 
mission performance using the PAPR value . For example , divided into a predetermined length unit and demodulating 
the transmitter may determine a sequence frame having the the connected frame signals . At this time , a method of 
smallest PAPR value among the sequence frames x ( S ) . demodulating a signal may be correspondingly applied to a 
As another example , the transmitter may identify signal method ( e.g. , PSK , QAM , etc. ) of modulating a signal in the 

transmission performance F / ( X?s ) ) by calculating comple- 35 transmitter described above . 
mentary cumulative distribution function CCDF illustrated Although the exemplary methods of this disclosure are 
in Equation 9 disclosed above . That is , the transmitter may represented by a series of steps for clarity of explanation , 
determine a sequence frame having a relatively large value they are not intended to limit the order in which the steps are 
by comparing the signal transmission performance F ( X ) ) performed , and if necessary , each step may be performed 
identified for the sequence frames x ( S ) with each other . 40 simultaneously or in a different order . In order to implement 
Meanwhiles , in step S630 , the transmitter may transmit the method according to the present disclosure , it is possible 

the determined sequence frame to the receiver . In this case , to include other steps to the illustrative steps additionally , 
the transmitter may transmit information on the scramble exclude some steps and include remaining steps , or exclude 
sequence applied to the corresponding sequence frame to the some steps and include additional steps . 
receiver . The various embodiments of the disclosure are not 

In order to transmit the information on the scramble intended to be exhaustive of all possible combination , but 
sequence applied to the corresponding sequence frame to the rather to illustrate representative aspects of the disclosure , 
receiver , the transmitter and the receiver must be equipped and the features described in the various embodiments may 
to transmit and receive information on the scramble be applied independently or in a combination of two or 
sequence . Therefore , only the receiver provided to receive 50 more . 
information on the scramble sequence may identify the In addition , various embodiments of the present disclo 
information on the scramble sequence , and may decode the sure may be implemented by hardware , firmware , software , 
received signal using the information on the scramble or a combination thereof . A case of hardware implementa 
sequence . As a result , the transmitter and the receiver tion may be performed by one or more application specific 
according to the embodiment of the present disclosure are 55 integrated circuits ASICs , digital signal processors DSPs , 
enabled to transmit and receive signals having a low PAPR digital signal processing devices DSPDs , programmable 
and at the same time to enhance security of signals trans logic devices PLDs , field programmable gate arrays FPGAs , 
mitted and received . a general processor , a controller , a microcontroller , a micro 

FIG . 8 is a flow diagram illustrating operations in a processor , and the like . 
receiving method according to an embodiment of the present 60 The scope of the present disclosure is to encompass 
disclosure . software or machine - executable instructions ( e.g. , operating 

A receiving method according to an embodiment of the system , applications , firmware , instructions , and the like ) by 
present disclosure may be performed by the receiver accord which operations according to method of various embodi 
ing to an embodiment of the present disclosure described ments are executed on a device or a computer , and non 
above . 65 transitory computer - readable media executable on the 

First , in step S810 , the receiver may detect scramble device or the computer , on which such software or instruc 
sequence information , that is , information on a scramble tions are stored . 

45 
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The invention claimed is : 9. The transmitter of claim 1 , wherein each of the plurality 
1. A transmitter comprising : of scramble sequences has a unique value . 
one or more processors configured to : 10. A receiver comprising : 

generate an input frame by composing a transmission one or more processors configured to : 
signal in units of a frame ; identify information on a scramble sequence applied to 

generate a plurality of scramble sequences , a sequence frame transmitted by a transmitter ; generate a plurality of sequence frames by applying the detect a reconstruction frame from the sequence frame plurality of scramble sequences to the input frame , based on the identified information on the scramble 
and 

identify at least one sequence frame from the plurality 10 sequence ; and 
combine the detected reconstruction frame to recon of sequence frames based on a peak - to - average struct a transmission signal , power ratio ( PAPR ) value of the plurality of wherein the one or more processors are further config sequence frames ; and ured to : a signal transmitter configured to transmit the identified 

sequence frame , generate a scramble sequence value using the identified 
wherein the plurality of scramble sequences are generated information on the scramble sequence , 

to correspond to a length of the input frame , and the divide the received frame into the scramble sequence 
plurality of scramble sequences are scrambled with the value , and 
input frame . detect a result of the dividing of the received frame as 

2. The transmitter of claim 1 , wherein the one or more 20 the reconstruction frame . 
processors are further configured to identify a PAPR value 11. A transmission method comprising : 
for each of the plurality of sequence frames , and determine generating an input frame by composing a transmission 
the at least one sequence frame which has a lowest PAPR signal in units of a frame ; 
value among the plurality of sequence frames . generating a plurality of scramble sequences ; 

3. The transmitter of claim 1 , further including generating a plurality of sequence frames by applying the 
a transmission filter configured to receive the plurality of plurality of scramble sequences to the input frame ; and 

scrambled sequence frames and generate a pulse to identifying at least one sequence frame from the plurality 
transmit the plurality of sequence frames . of sequence frames based on a peak - to - average power 

4. The transmitter of claim 3 , wherein the transmission ratio ( PAPR ) value of the plurality of sequence frames ; 
filter includes a faster - than - Nyquist ( FTN ) pulse generator 30 and 
configured to generate a transmission pulse based on a FTN transmitting the identified sequence frame 
scheme . wherein the identifying at least one sequence frame 

5. The transmitter of claim 1 , further including comprises : 
a sequence generator set including a plurality of sequence generating the plurality of scramble sequences corre 

generators configured to output determined values of 35 sponding to a length of the input frame ; and 
the scramble sequences obtained by sequentially scrambling the plurality of scramble sequences with the 
arranging values output from the plurality of sequence input frame . 
generators ; and 12. The method of claim 11 , wherein the determining at 

wherein the one or more processors are further configured least one sequence frame comprises : 
to transform the determined values of the scramble 40 identifying a PAPR value for each of the plurality of 
sequences into output values of the scramble sequences sequence frames ; and 
through mapping based on a predetermined rule . determining the at least one sequence frame which has a 

6. The transmitter of claim 5 , wherein the one or more lowest PAPR value among the plurality of sequence 
processors are further configured to transform a value of ' O ’ frames . 
output from the sequence generator set into ‘ -1 ' , and 45 13. The method of claim 11 , wherein the determining at 
transform a value of “ l'output from the plurality of least one sequence frame further comprises : 
sequence generators into “ l ' . receiving the plurality of scrambled sequence frames , and 

7. The transmitter of claim 1 , wherein the transmitter generating a pulse to transmit the plurality of sequence 
includes : frames . 

a plurality of sequence generator sets including a plurality 50 14. The method of claim 13 , wherein the pulse to transmit 
of sequence generators , and the sequence generator sets the plurality of sequence frames is generated based on a 
are configured to output determined values of the Faster - than - Nyquist ( FTN ) scheme . 
scramble sequences obtained by sequentially arranging 15. The method of claim 11 , wherein the generating the 
values output from the plurality of sequence generators ; plurality of scramble sequences comprises : 
and generating determined values of the scramble sequences 

the one or more processors are further configured to obtained by sequentially arranging a plurality of 
add values output from the plurality of sequence gen sequence values ; and 

erator sets ; and transforming the determined values of the scramble 
transform the determined values of the scramble sequences into output values of the scramble sequences 

sequences into output values of the scramble sequences 60 through mapping based on a predetermined rule . 
through mapping based on a predetermined rule . 16. The method of claim 15 , wherein the transforming the 

8. The transmitter of claim 7 , wherein the one or more determined values of the scramble sequences into the output 
processors are further configured to transform a value of ' 0 ' values of the scramble sequences is performed by trans 
output from the adder into ‘ l ’ , transform a value of ' 1 ' forming a sequence value of ' O’into -1 ° , and transforming 
output from the adder into “ j ” , transform a value of ' 2 ' output 65 a sequence value of ' 1 ' into “ l ' . 
from the adder into ‘ –1 ° , and transform a value of “ 3 ' output 17. The method of claim 11 , wherein the generating the 
from the adder into ‘ -j ” . plurality of scramble sequences comprises : 

55 
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generating determined values of the scramble sequences 
obtained by sequentially arranging a plurality of 
sequence values ; 

performing an add operation of adding the determined 
value of at least one scramble sequence ; and 

transforming the determined values of the scramble 
sequences obtained via the add operation into output 
values of the scramble sequences through mapping 
based on a predetermined rule . 

18. The method of claim 17 , wherein the transforming the 10 
determined value of the scramble sequence into the output 
value of the scramble sequence is performed by transform 
ing a value of ' O’into “ 1 ' , a value of ‘ l ' into T , a value of 
“ 2 ' into ‘ -1 ' , and a value of “ 3 ' into --j ’ , in the determined 
values of scramble sequences obtained via the add opera- 15 
tion . 


